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Microorganism holding carrier for use in a fluidized bed 



(57) The present invention provides a microorgan- 
ism holding carrier for a fluidized bed that includes an 
extruded foamed article having continuous cells. The ar- 
ticle is composed of a polyolefin resin as a main com- 
ponent. The continuous cells include open-cells which 
are opened to at least two portions of a surface of the 
article and a semi-open cell which are opened to only 



one portion of the surface of the article. A ratio of the 
total volume of the continuous cells to the total volume 
of the extruded foamed article (a volume ratio of the con- 
tinuous cells) fails within a range of from 20% to 70%. 
Further a ratio of the total volume of the open-cells to 
the total volume of the continuous cells (a volume ratio 
of open-cells) is 20% or more. 
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Description 

BACKGROUND OF THE INVENTION 

s This application claims priority to Japanese Patent Applications Nos. Hei 9(1 997) -449 Land Hei 9(1997)-1441 61 , 

each disclosure of which is incorporated by reference in its entity. 

1. Field of the Invention 

io The present invention relates to a microorganism holding carrier for a fluidized bed for use in a biochemical reactor 

used in a sewage treatment facility which treats sewage by utilizing microorganisms. 

2. Description of the Related Art 

15 A fluidized-bed biochemical reactor used in a sewage treatment facility that utilizes biochemical reactions clarifies 

sewage by fluidizing carriers. These carries are thrown into a treatment tank by an air-seasoning operation to hold 
sewage-treating microorganisms, i.e., activated sludge., on the carriers. 

Generally required features of the microorganism holding carrier for use in a fluidized bed in this kind of sewage 
treatment facility are that the carrier is :(1 ) superior in fluidity so as to quickly become familiar with water to uniformly 
20 fluidize in the treatment tank: (2) porous so as to be easily held by microorganisms: and (3) strong enough to endure 
a fluidization, i.e.. superior in durability such as an abrasion resistance. 

Under these circumstances, diatomaceous earth, a porous inorganic substance, is conventionally used as a mi- 
croorganism holding carrier However because such a carrier is about 2.0 g/cm 3 in apparent density, which is much 
heavier than water a strong mixing power is required to fluidize them, which causes an increase of carrier fluidizing 
25 energy, causing an increase of running cost. Further because such a diatomaceous earth as a carrier is easily worn 
when fluidized, it is hard to maintain the initial configuration for a long period, thus lacking durability. 

Recently, a plastic carrier made of a synthetic resin which is similar to water in density, thereby requiring a de- 
creased fluidizing energy, and which is superior in durability, has been developed and has rapidly become popular 
In manufacturing this kind of synthetic resin carrier generally adapted is a method utilizing a porous-making tech- 
30 nique such as a dropping forming method or a sintering method, or a method utilizing an extruding foaming method. 

However in manufacturing a microorganism holding carrier by utilizing a porous-making technique such as a 
dropping forming method or a sintering method, it is difficult to attain high productivity and is also difficult to use cheaper 
materials due to the limited synthetic resin materials. This increases the manufacturing cost. 

In case of utilizing an extruding foaming method, though the productive efficiency may be improved, the extruding 
35 foaming method in manufacturing the carrier has not yet been fully established. As a result, synthetic resin carriers 
made by a conventional extruding foaming method are of uneven quality, causing problems such as bad water-famil- 
iarity or bad fluidity. 

On the other hand, in recent years, it has been suspected and is now a social problem that a waste disposal of 
spent plastic goods or articles may exert a harmful influence on the environment. This problem is not an exception in 
4 o the biochemical reactor technical field. Thus, it is now strongly required to use a synthetic resin carrier which exerts 
less harmful influence on the environment. 

SUMMARY OF THE INVENTION 

45 It is therefore an object of the present invention to provide a microorganism holding carrier for use in a fluidized 

bed which solves the above-mentioned problems, and which has a good water-familiarity and an excellent fluidity. It 
is an additional object of the invention to provide a microorganism holding carrier which also is low in price and excellent 
in durability and exerts less harmful influence on the environment. 

The inventors have conducted research and found the fact that, in a resin microorganism holding carrier for a 

50 fluidized bed, a porous structure (cellular structure) used in the carrier is highly concerned with elements for improving 
water-familiarity and fluidity, and the research has revealed a specific cellular structure which can further improve 
water-familiarity and fluidity. Based on the specific cellular structure, the inventors have conducted experiments and 
researches repeatedly. As a result, the inventors have found the most appropriate structural elements of the synthetic 
resin carrier which enables the above objects to be obtained. 

55 According to the present invention, there is a provided microorganism holding carrier for use in a fluidized bed that 

comprises an extruded foamed article having independent cells and continuous cells, the article being composed of a 
polyolefin resin as a main component. The continuous cells include open -cells which are opened to at least two portions 
of a surface of the article and a semi-open cells which are opened to only one portion of the surface of the article, 
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wherein a ratio of a total volume of the continuous cells to the total volume of the extruded foamed article (hereinafter 
referred to as "a volume ratio of the continuous cells") falls within a range of from 20% to 70%, and wherein a ratio of 
the total volume of the open-cells to the total volume of the continuous cells (hereinafter referred to as "a volume ratio 
of open-cells") is 20% or more, 
s In the carrier according to the present invention, because water can smoothly permeate into a number of open- 

cells and semi-open cells, the carrier is superior in water-familiarity, thereby enabling quick and excellent fluidity. There- 
fore, adopting the carrier as a biochemical reactor for use in a fluidized bed used in a sewage treatment facility which 
treats sewage by utilizing microorganisms, enables quick holding microorganisms, which in turn improves sewage 
treating efficiency. 

10 Because the carrier according to the present invention is a synthetic resin extruded foamed article, the carrier can 

be made by an extrusion forming method which is suitable for mass production, thus reducing the manufacturing cost. 

Because the carrier according to the present invention is composed of a polyolefin resin as a main component, 
the carrier is superior in abrasion resistance and has sufficient durability. Further as compared with a polyvinyl chloride 
resin carrier, the carrier according to the present invention can be disposed without causing any trouble and can reduce 
'5 harmful influence on the environment by disposing of the spent carriers. 

Other objects and features will be apparent from the following detailed description of the invention with reference 
to the attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 

The present invention will be more fully described and better understood from the following description, taken with 
the appended drawings, in which: 

Fig. 1 is a perspective view showing a tube-shaped microorganism holding carrier for use in a fluidized bed ac- 
2S cording to the present invention: 

Fig. 2A is a cross-sectional view taken along the line A-A in Fig. 1, and Fig. 2B is a cross-sectional view taken 
along the line B-B in Fig. 1 : 

Fig. 3 is an enlarged cross-sectional view showing a portion surrounded by a dot-dash line in Fig. 2A: - 
Figs. 4A and 4B are cross-sectional views each showing a column-shaped microorganism holding carrier for use 
30 in a fluidized bed according to the present invention, wherein Fig. 4A is a front cross-sectional view: and Fig. 4B 

is a side cross-sectional view: 

Fig. 5 is a schematic side view showing a carrier manufacturing device for manufacturing the carrier according to 
the present invention. 

35 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred embodiments of the present invention will now be described, in detail, with reference to the accompanying 
drawings. Like reference numerals in the drawings depict like embodiments. 

The carrier according to the present invention comprises an extruded foamed article having continuous cells, i.e., 

40 continued bubble-like cells, the article being composed of a polyolefin resin as a main component. 

The polyolefin resin as a main component of the carrier is suitable for extrusion, is easy to dispose and is also 
inexpensive. Thus, a polyolefin resin is preferably used in the present invention. To surely obtain these effects and 
advantages of the invention, it is preferable to use a polypropylene resin among polyolefin resins. Those skilled in the 
art appreciate that other polyolefins may be used in the invention. 

4 5 The configuration of the carrier according to the present invention is not especially limited, and the carrier may be, 

for example, a hollow article like a tube, or a non-hollow grain-like article such as a circular column, an elliptical column, 
a half cut-out circular column, a prism (dice shape or the like), a plate or an arc -shaped plate. It is particularly preferred 
to form a hollow tube as shown in Figs. 1 : 2A and 2B, or a non-hollow grain-like article such as a circular column, pellet 
and the like as shown in Figs. 4A and 4B. The selection between a tube-shaped carrier 1 and a column-shaped carrier 

50 1 will be determined according to the purpose of the usage. For example, in a tube-shaped carrier 1 5 anaerobic micro- 
organisms are easily held on the inner surface of the tube-shaped carrier and aerobic microorganisms are easily held 
on the outer surface thereof. Thus, in such a case that both anaerobic microorganisms and aerobic microorganisms 
are utilized, the tube-shaped carrier 1 is preferably used. In a non-hollow grain article such as a column shaped article, 
anaerobic microorganisms are hardly held thereon and aerobic microorganisms are easily held on the outer surface 

55 thereof. Thus, in such a case that aerobic microorganisms are mainly utilized, a non-hollow grain-like carrier 1 is 
preferably used. 

The carrier 1 according to the present invention comprises an extruded foamed article 1a made by an extruding 
foaming method which will be described in detail below. Cells 2, 3 formed in the foamed article 1a include independent 
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cells 2 each completely surrounded by a cell wall as shown in Figs. 3, 4A and 4B and continuous cells 3 each opened 
to at least one portion of the surface of the foamed article 1a. The continuous cells 3 include open-cells 3a each opened 
to at least two portions of the surface of the foamed article 1a and semi-open cells 3b each opened to only one portion 
of the surface of the foamed article 1a. 

The carrier 1 according to the present invention includes a number of continuous cells 3, and a ratio of the total 
volume of the continuous cells 3 to the total volume of the extruded foamed article 1a (continuous-cells volume ratio) 
should fall within a range of from 20% to 70%. It is preferable that the lower range is 40% or more and the upper range 
is not larger than 60%. If the continuous cells volume ratio (a porous ratio) is below the lower limit, it is not preferable 
because, when the carrier 1 is thrown into a treatment tank of a sewage treatment facility water does not permeate 
enough into the carrier 1 and t therefore : a preferable fluidity can not be obtained. In addition, there is a possibility that 
the microorganism holding efficiency may decrease. On the other hand, if the continuous cell volume ratio exceeds 
the upper limit, it is not preferable because the strength of the carrier decreases and therefore, sufficient durability can 
not be obtained. 

In the present invention, a ratio of the total volume of the open-cells to the total volume of the continuous cells (an 
open-cell volume ratio) should be 20% or more, preferably 30% or more. The open-ceil 3a has more effective water 
infiltration capacity than the semiopen-cell 3b. If the open-cell volume ratio is below the lower limit, it is not preferable 
because, when the carrier 1 is thrown into a treatment tank of a sewage treatment facility the carrier 1 is poor in water- 
familiarity, and thus, it is hard to obtain a preferable fluidity. By the way, even if the open-cell volume ratio becomes 
larger, there will be no disadvantage as a carrier. However, it is very difficult to manufacture a foamed article 1a having 
an open-cell volume ratio of 80% or more with high quality by an extruding foaming method. 

In the present invention, an apparent density of the extruded foamed article 1a, i.e., a density of the extruded 
foamed article la from which a volume of the continuous cells are deducted, is one of the factors used to determine 
the fluidity performance of the carrier 1. If the apparent density is too low, when the carrier 1 is thrown into sewage 
filled in a treatment tank, the carrier 1 floats in an upper layer of the sewage. Thus, there is a fear that it is hard to 
fluidize evenly even if a strong rotational flow is given. On the other hand, if the apparent density is too high, a strong 
rotational flow will be required to fluidize them evenly. In addition, there is a fear that it will be hard to collect these 
carriers because they sink to the bottom of the treatment tank when the rotational flow stops. 

In the present invention, other than the above-mentioned apparent density, the configuration or volume of the 
carrier 1 also greatly effects the fluidity performance of the carrier- 1 . A tube-shaped carrier 1 as shown in Figs. 1 , 2A 
and 2B has a large flow resistance in comparison with a non -hollow grain article 1 such as a column or the like as 
shown in Figs. 4A, 4B. The larger the volume becomes, the larger the flow resistance becomes. Therefore, in case of 
a tube-shaped large volume carrier 1 , because the flow resistance is large, it is preferable that the apparent density is 
set to be small so as to keep its suitable dispersion. To the contrary, in case of a non-hollow small volume grain-like 
article 1 , because the flow resistance is small, it is preferable that the apparent density is set to be large so as to keep 
its suitable dispersion. 

As a result: when the carrier 1 is a tube-shaped article as shown in Fig. 1 : 2A and 2B, and the apparent volume, i. 
e., the volume of the article from which the volume of the continuous cells 3 is deducted, is relatively large, such as 
from 2.0 x 10 -3 to 5.0 cm 3 , it is preferable that the apparent density is set to be from 0.90 to 1.40 g/cm 3 , more preferably 
the lower limit is set to be not smaller than 0.94 g/cm 3 and the upper limit is set to be not larger than 0.98 g/cm 3 . In 
this case, the bulk density, i.e., a density based on the carrier volume including the whole, or independent-cells, is set 
to be from 0.30 to 0 70 g/cm 3 . Those skilled in the art are capable of designing a carrier 1 having the aforementioned 
apparent density and bulk density using the guidelines provided herein. 

When the carrier 1 is a non-hollow grain-like article such as a column-shaped article, pellet, or the like, as shown 
in Figs. 4Aand 4B ; and the apparent volume is relatively small such as from 5.0 x 10* 4 to 4.0 x 10* 2 cm 3 , it is preferable 
that the apparent density is set to be from 1 . 10 to 1 .80 g/cm 3 5 more preferably the lower limit is set to be not smaller 
than 1 .20 g/cm 3 and the upper limit is set to be not larger than 1 .70 g/cm 3 . In this case, the bulk density preferably is 
set to be from 0.40 to 0.80 g/cm 3 . 

However, in the present invention, because configuration or volume of the carrier 1 is not specifically limited, the 
preferable range of the apparent density is a range including all of the above-mentioned range, i.e., a range of from 
0.90 to 1.80 g/cm 3 . 

In the present invention, when the carrier 1 is formed in the shape of a tube, as shown in Fig. 2B, it is preferable 
that the outer diameter D1 is set to be from 2 to 20 mm. more preferably not smaller than 4 mm, and not larger than 
10 mm. If the outer diameter D1 is below the lower limit, it is hard to produce a foamed article 1a having a foam structure 
in accordance with the present invention. On the other hand, if exceeds the upper limit, a flow resistance in water 
becomes large, resulting in poor fluidity. 

Further, it is preferable that the thickness T1 of the carrier 1 is set within a range of from 4 to 40% of the outer 
diameter D1, more preferably not smaller than 5%, and not larger than 30%. If the thickness is below the lower limit, 
the lack of strength makes it difficult to maintain the configuration, and an excess load to an extruder may occur during 
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extrusion. On the other hand, if the thickness exceeds the upper limit, a number of open-cells may not be formed, 
resulting in a low open-cell volume ratio. 

Generally, in extrusion, the larger the outer diameter D1 becomes, the slower the extrusion speed becomes. In 
forming the cellular structure in accordance with the present invention, because extrusion speeds, that are too fast, 

s cause a skin layer on the surface of the extruded article, the slower the extrusion speed become, in other words, the 
diameter becomes larger, then a thinner thickness T1 can be obtained. Therefore, in the present invention, it is appro- 
priate that the thickness T1 is specified in relation to the outer diameter D1 . Preferred values for the thickness may be 
defined as follows. The thickness T1 may preferably be set to be from 0.2 mm to 2.0 mm : more preferably the lower 
limit is set to be not smaller than 0.3 mm, the upper limit not larger than 1.5 mm. 

10 it is preferable that the length L1 of the carrier 1 is set to be from 50 % to 200% of the outer diameter D1 , more 

preferably not smaller than 1 00%, and not larger than 1 50%. If the length is too long, a flow resistance in water becomes 
larger causing a lack of fluidity. If the article 1 is cut in short length, cracks may be occur in the article, resulting in a 
poor quality. Preferred values of length L1 may be defined as follows. The length L1 of the carrier 1 may preferably be 
set to be from 1 mm to 40 mm, more preferably not smaller than 4 mm, and not larger than 20 mm. 

15 In the present invention, when the carrier 1 is formed in the shape of a grain article such as a short column or the 

like, as shown in Fig. 4B, it is preferable that the outer diameter D2 is set to be from 0.8 mm to 3.0 mm, preferably not 
smaller than 1 .0 mm, and not larger than 2.0 mm. If the outer diameter D2 is below the lower limit, it is hard to produce 
a foamed article 1a having a foam structure in accordance with the present invention. On the other hand, if the outer 
diameter exceeds the upper limit, the flow resistance in water becomes large, resulting in poor fluidity 

20 It is preferable that the length L2 of the carrier 1 is set to be from 30 % to 300% of the outer diameter D2, more 

preferably not smaller than 50%, and not larger than 200%. If the length exceeds the upper limit, a flow resistance in 
water becomes larger, causing a lack of fluidity. If the article 1 is cut in short length, cracks may be generated in the 
article, resulting in a poor quality. If defined by preferred values, the length L2 of the carrier 1 may be set to be from 
0.24 mm to 9.0 mm. more preferably not smaller than 0.4 mm, and not larger than 4.0 mm. 

2S The above-mentioned carrier 1 may, for example, be made by the following method. 

First, a resin composite for forming the carrier preferably is prepared by combining a polyolefin resin as a main 
component with an inorganic-filler, two types of foaming agents whose foaming temperatures are different from each 
other.a blowing assistant if required, and an appropriate additive. 

The inorganic filler combined with the above resin composite is not specifically limited and any kind of filler can be 

30 used. It is preferable to use a filler which is inexpensive and chemically stable. For example, calcium carbonate, barium 
sulfate, zeolite, titanium oxide, kalium titanate, aluminum hydroxide, and the like, may preferably be used. Needless 
to say, two or more types may be used together. 

The amount of the inorganic filler is preferably to be set from 5 to 400 parts by weight for 100 parts by weight of a 
polyolefin resin as a main component. When a tube-shaped carrier 1 as shown in Figs. 1 , 2A and 2B is to be produced, 

35 the amount of the inorganic filler preferably falls within a range of from 5 to 50 parts by weight, more preferably the 
lower limit is not smaller than 8 parts by weight and the upper limit is not larger than 20 parts by weight. When a grain- 
shaped carrier 1 as shown in Figs. 4A and 4B is to be produced, the amount of the inorganic filler preferably falls within 

, . a range of from 5 to 400 parts by weight for 100 parts by weight of the polyolefin resin. More preferably the lower limit 
is not smaller than 10 parts by weight and the upper limit is not larger than 200 parts by weight. If the amount exceeds 

■to the range, it is difficult to obtain an apparent density similar to water, resulting in a poor fluidity. 

In the present invention, it is preferable that the density (material density) of the melt component in which an 
inorganic filler is combined with a polyolefin resin as a main component is set to fall within a range of from 0.90 to 2.20 
g/cm 3 . Concretely, when a tube-shaped carrier 1 is to be produced, the density is set to fall within a range of from 0.90 
to 1 .20 g/cm 3 t preferably the lower limit not smaller than 0.95 g/cm 3 , the upper limit not larger than 1 .00 g/cm 3 . When 

-<5 a grain-shaped carrier 1 is to be produced, the density is set to fall within a range of from 1 .10 to 2.20 g/cm 3 , preferably 
the lower limit not smaller than 1 .20 g/cm 3 , the upper limit not larger than 2.00 g/cm 3 . If the density is too low, even if 
the density is adjusted by a foaming agent, it will be difficult to obtain a certain apparent density required to attain a 
preferable fluidity. On the other hand, if the density is too high, an excessive foaming during the extrusion is required 
to obtain an appropriate apparent density, resulting in an unstable extruding. 

so As the two types of foaming agents to be added to the resin component, foaming agents whose foaming (resolving) 

temperatures are different from each other are used. 

Among two different types of foaming agents, dinitrosopentamethylenetetramine(hereinafter referred to as DPT) 
is preferably used as one of the foaming agents which has a foaming temperature lower than a forming temperature 
of the other foaming agent (a lower temperature resolving type foaming agent), and azodicarboamide (hereinafter 

55 referred to as ADCA) is preferably used as one of the other foaming agents which has a foaming temperature higher 
than a temperature of the other foaming agent (a higher temperature resolving type foaming agent). Those skilled in 
the art appreciate that other known foaming agents can be used in the invention, and they are capable of determining 
which agent to use in combination with other agents using the guidelines provided herein. 
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It is preferable that the amount of the DPT in a resin component for the carrier is 0.15 wt% based on the total 
weight of the composition (hereinafter referred to as wt%) or more : but not larger than 0.40 wt%. more preferably 0.20 
wt% or more, but smaller than 0.31 wt%. If the amount is too much, a stable extrusion can not be performed, therefore 
a carrier having a cellular structure in accordance with the present invention can not be obtained. On the contrary, if 

$ the amount is too less, it is difficult to obtain an apparent density similar to water resulting in a poor fluidity. 

As for DPT it is preferable that the average particle diameter (hereinafter referred to as particle diameters') is 
smaller than 10 urn more preferably smaller than 9 ^m. If the particle diameter is too large, a stable extrusion can not 
be performed. Therefore, it is difficult to obtain a predetermined carrier. However even if the particle diameter is too 
small, there is no special demerit. 

10 As for the amount of the ADCA : it is preferable that the amount in a resin composition for the carrier is 0.15 wt% 

or more, but smaller than 1.50 wt% : more preferably 0.2 wt% or more, but not larger than 0.31 wt%. If the amount 
exceeds the upper limit, a stable extrusion can not be performed, therefore it is difficult to obtain a predetermined 
carrier. On the other hand, if the amount is below the lower limit, it is difficult to obtain a predetermined apparent density, 
resulting in a poor fluidity. 

*5 As for the particle diameter of the ADCA, it is preferable that the particle diameter is 3 u.m or larger but smaller 

than 16 (am, more preferably the lower limit is 3 jam or more and the upper limit is smaller than 11 urn If the particle 
diameter exceeds the upper limit, though the volume ratio of the continuous cells increases, the volume ratio of the 
open-cell decreases and therefore, it is difficult to obtain a predetermined carrier. On the other hand, if the particle 
diameter is below the lower limit, it becomes difficult to form a continuous cell and the ratio of the independent cells 

20 becomes larger Therefore, it is difficult to obtain a predetermined carrier 

In the present invention, a blowing assistant for controlling the foaming temperature of the foaming agent may 
preferably be added to the resin composition for the carrier As such a blowing assistant, especially, urea preferably 
is used. 

The amount of urea in the resin component is preferably 0.1 5 wt%ormore, but less than 0.40 wt%, more preferably 

25 the upper limit is less than. 0.31 wt%. If the amount of urea exceeds the upper limit or is below the lower limit, the 
continuous cell volume ratio decreases, resulting in a poor fluidity. 

If necessary, an appropriate additive may be added to the resin component for the carrier. The skilled in the art 
are aware of the various additions that can be added, and they are capable of adding an appropriate additive using 
the guidelines provided herein. 

30 The carrier according to the present invention can be obtained by foam-extruding the above-mentioned resin com- 

position through a known extruder During the extrusion, the resin composition typically is melt and mulled in a cylinder 
by a screw, the temperature gradually increases, and the foaming agent gradually decomposes. Just after the resin 
composition is extruded, it expands to generate foams in the extruded article. In this case, in the present invention, 
foaming timing is different between the lower temperature resolving type foaming agent such as a DPT and the higher 

35 temperature resolving type foaming agent such as a ADCA. That is, the lower temperature resolving type foaming 
agent foams first, thereafter the higher temperature resolving type foaming agent foams. The higher temperature re- 
solving type foaming agent is gradually heated by outside heat from a cylinder or a die of the extruder to attain an 
activated state, and then it rapidly foams due to an addition of inner heat, i.e., heaf generated when the lower temper- 
ature resolving type foaming agent foams, thereby a number of the desired continuous cells are formed. Thus a cellular 

40 structure in accordance with the present invention is formed by the synergetic effect of those different type forming 
agents. 

The extruding condition is not particulary limited, and therefore it may be set depending on the desired product. 
For example, it is preferable that the cylinder temperature falls within a range of from 180 °C to 250 °C, and the die 
temperature falls within a range of from 200 °C to 250 °C. Skilled artisans are capable of setting the extruding conditions 

4 $ using the guidelines provided herein. 

In this method, because heat which is generated when the lower temperature resolving type foaming agent foams 
accelerates to foam the higher temperature resolving type foaming agent, it is preferable to use a lower temperature 
resolving type foaming agent which generates a great deal of heat when it foams. Concretely, it is preferable that the 
heat value (heat of decomposition) when the lower temperature resolving type foam agent foams is 80 kcal/mol or 

50 more, more preferably 1 50 kcal/mol or more. The above-mentioned DPT (MW=1 86), which is used as a lower temper- 
ature resolving type foaming agent, has a heat of decomposition of 155 kcal/mol (833.3 cal/g), which fits the above 
condition on the heat value. 

For reference, the heat of decomposition of the above-mentioned ADCA (MW=166), which is used as a higher 
temperature resolving type foaming agent, is 10 kcal/mol (86.2 cal/g). 
55 Embodiments according to the present invention and comparisons for evaluating the effects of the Examples, will 

now be described in detail in the following examples. 
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Example 1 



As shown in Table 1, 10 parts by weight of calcium carbonate as an inorganic filler was added to 100 parts by 
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weight of polypropylene (PP) resin. Further 0. 1 5 wt% of ADCA having a particle diameter of 3 urn as a higher temper- 
ature resolving type foaming agent, 0.15 wt%of DPT having a particle diameter of 1 pm as a lower temperature resolving 
type foaming agent and 0. 1 5 wt% of urea as a blowing assistant were also added to prepare a carrier resin composition. 
Also, a carrier manufacturing device was prepared. As shown in Fig. 5. the device include a single axis extruder 
s 11 having a full flighted screw with a 40 mm diameter and a ratio of L/D of 32 f a cooling vessel 12 for cooling the 
extruded foamed article 1 a from the extruder 1 1 and a pelletizer 1 3 for pelletizing the extruded article 1 a cooled by the 
cooling vessel 1 2. 

The above-mentioned resin composition then is formed into a tube-shaped extruded foamed article 1a, i.e., carrier, 
having a 4 mm outer diameter 0.5 mm thickness and 4 mm length by the carrier manufacturing device. 
10 The standard condition of the extrusion was that the screw rotational speed was 30 rpm, the cylinder temperature 

was 200 - 250 °C ; the die temperature was 250 °C : but the conditions were changed in accordance with the state of 
the formed article. 

About the thus obtained carrier, the material density (g/cm 3 ), apparent density (g/cm 3 ), apparent volume (cm 3 ) : 
continuous cell volume ratio (%), and open-cell volume ratio (%) were measured by the following methods. 

is 

(1 ) Material density 

A composition combining a PP resin with an inorganic filler was mulled by a "RABOPURASUTOMIRU"(a heat 
melting state measuring experiment device made by NIPPON SEIKOH SYA), and the composition was pressed to be 
20 a square plate., each side having a 1 00 mm length. Then, the density was measured from the weight and the thickness. 

(2) Apparent density 

The apparent density was measured by a gas-replacing type density meter. Therefore, this density corresponds 
2S to the density of a foamed article from which a continuous cell volume was deducted. 

(3) Apparent volume 

The apparent volume was measured based on the above apparent density and weight. Therefore, this volume 
30 corresponds to the volume of a carrier from which continuous cells volume was deducted. - 

(4) Continuous cell volume ratio (porous ratio) 

Through an electron microscope, the size of a continuous ceil per unit area was measured to obtain the volume, 
35 and then the continuous cell volume ratio was calculated from the volume. 

(5) Open-cell volume ratio 

Through an electron microscope, the size of a continuous cell per unit area are measured to obtain the volume, 
40 and then the open-cell volume ratio was calculated from the volume and the continuous cell volume. 

Examples 2 - 9 

Resin components shown in Table 1 were formed in the same manner as described in Example 1 to obtain extruded 
45 foamed carriers. Each carrier then was measured in the same manner as described above. 
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55 Example 10 

As shown in Table 2, a carrier was formed to have a thick thickness of 1 .5 mm(37.5% of the outer diameter). Then, 
the carrier was measured in the same manner as described above. 
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Example 11 

A carrier was formed to have a thin thickness of 1.5 mm (4:5% of the outer diameter). Then, the carrier was 
measured in the same manner as described above. ' 

Example 12 

A carrier was formed to have 70 parts by weight of an inorganic filler and 1.20 g/cm 3 of apparent density. Then, 
the carrier was measured in the same manner as described above. 

Example 13 



A resin composition as shown in Table 2 was formed to obtain a tube-shaped carrier which the apparent density 
is slightly large but the apparent volume is slightly small. Then, the carrier was measured in the same manner as 
1 & described above. 

iExample 14 

A resin composition as shown in Table 2 was formed to obtain a tube-shaped carrier which the apparent density 
20 is slightly small but the apparent volume is slightly large. Then, the carrier was measured in the same manner as 
described above. 

Examples 15 and 16 

25 A resin composition as shown in Table 2 was formed to be a non-hollow column-shaped carrier having an outer 

diameter of 1 mm and a length of 1 mm. Then : the carrier was measured in the same manner as described above. 

Example 17 

30 A resin composition as shown in Table 2 was formed to obtain a tube-shaped carrier which the apparent density 

is slightly large but the apparent volume is slightly small. Then, the carrier was measured in the same manner as 
described above. 



Example 18 

A resin composition as shown in Table 2 was formed to obtain a tube-shaped carrier which the apparent density 
is slightly small but the apparent volume is slightly large. Then, the carrier was measured in the same manner as 
described above. 

40 Comparative Examples 1 - 9 

Resin compositions as shown in Table 3 were formed to obtain extruded foamed carriers. Then, each carrier was 
measured in the same manner as described above. As shown in Table 3, each open cell volume ratio of the obtained 
carrier was below 20%. 

45 
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Comparative Example No. 


PP resin amount (parts by weight) 
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Evaluation of the invention and comparative example 

Each carrier obtained by the above-mentioned method was evaluated as follows. 
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(1) Formability 

By the above-mentioned extruder, when a foamed article with high quality was obtained, the evaluation was de- 
noted as "O": when a foamed article with an acceptable quality was obtained, the evaluation was denoted as "A": when 
5 a foamed article with an unacceptable quality was obtained, even if the extrusion conditions were changed, the eval- 
uation was denoted as "X". 

(2) Fluidity 

10 in a water tank having a diameter of 20 cm and a height of 40 cm, water of 5 liters and cerriers of 0.5 liters were 

placed, and then air-seasoning was performed from the bottom of the tank at the ratio of 3 liters per minute. As a result, 
within one week, when the carriers were evenly fluidized, the evaluation was denoted as "O": when the carries were 
fluidized, though the fluidity is inferior such that sewage treatment can be put in practical use, the evaluation was 
denoted as "A": when the carries were not fluidized or were not evenly fluidized, the evaluation was denoted as "x". 

'5 Each evaluation was shown in Tables 1, 2 and 3. 

As understood from the above evaluations, a carrier according to the present invention is superior in fluidity and 
formability. Especially, the carriers of Examples 3 and 4 in which the open-cell volume ratio is 50% or more were evenly 
fluidized at an early stage after being thrown into a tank. As shown in Examples 7 - 9, if the particle diameter of the 
foamed article is slightly small or large, the carrier is inferior in formability, but it was possible to obtain a certain fluidity. 

20 a carrier having a thick thickness as shown in Example 10 is inferior in fluidity, but it was possible to put in practical 
use. A carrier having a thin thickness as shown in Example 11 is inferior in formability, but it was possible to obtain 
good fluidity. As shown in Examples 13, 14, 17 and 18, the apparent density or the apparent volume is slightly large 
or small, the performance may be slightly inferior but it may be possible to put in practical use. 

On the contrary, the comparison carrier whose open cell volume ratio is below 20% (i.e., comparative examples 

25 1 - 9), can not evenly be fluidized one week after being thrown into a tank, resulting in poor water-familiarity and poor 
fluidity. 

As described above, according to the microorganism holding carrier for fluidized bed of the present invention, 
because the continuous cell volume ratio falls within a range of from 20% to 70% and the open cell volume ratio in the 
continuous cells is- 20% or more, water can smoothly permeate into a number of the open-cells and the semi-open 

30 cells, the carrier is superior in water-familiarity, thereby enabling it to obtain quick and excellent fluidity. Because the 
carrier according to the present invention is a synthetic resin extruded foamed article, the carrier can be made by an 
extrusion forming method which is suitable for mass production, thus reducing the manufacturing cost. Because the 
carrier according to the present invention is composed of a polyolefin resin as a main component, the carrier is superior 
in abrasion resistance and has sufficient durability. Further the carrier can be disposed without causing any trouble 

35 and can reduce harmful influence on the environment by disposing of the spent carriers. 

In the present invention, a carrier having a specific characteristic and configuration has a merit such that it can 
obtain the above-mentioned effects more surely. 

Though preferred embodiments according to the present invention are described, it should be recognized that 
various modifications are possible within the scope of the present invention. 

40 The terms and expressions which have been employed herein are used as terms of description and not of limitation, 

and there is no intent, in the use of such terms and expressions, of excluding any of the equivalents of the features 
shown and described or portions thereof, but it is recognized that various modifications are possible within the scope 
of the invention claimed. 

45 

Claims 

1. A microorganism holding carrier for use in a fluidized bed, comprising: 

50 an extruded foamed article having continuous cells, said article being composed of a polyolefin resin as a 

main component, 

wherein said continuous cells include open-cells which are opened to at least two portions of a surface of said 
article and semi-open cell which are opened to only one portion of a surface of said article, 
wherein a ratio of the total volume of said continuous cells to the total volume of said extruded foamed article 
55 (a volume ratio of the continuous cells) falls within the range of from 20% to 70%, and 

wherein a ratio of the total volume of said open-cells to the total volume of said continuous cells (a volume 
ratio of open-cells) is 20% or more. 
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2. The microorganism holding carrier for use in a fluidized bed as recited in claim 1 , wherein the apparent density of 
said extruded foamed article (a density of said extruded foamed article from which a volume of said continuous 
cells are deducted) falls within a range of from 0.90 to 1 .30 g/cm 3 

s 3. , The microorganism holding carrier for use in a fluidized bed as recited in claim 1, wherein said apparent density 
of said extruded foamed article falls within the range of from 0.90 to 1 .40 g/cm 3 and said carrier is formed in the 
shape of a tube. 

4. The microorganism holding carrier for use in a fluidized bed as recited in claim 2, wherein said apparent density 
to of said extruded foamed article falls within the range of from 0.90 to 1 .40 g/cm 3 and said carrier is formed in the 

shape of a tube. 

5. The microorganism holding carrier for use in a fluidized bed as recited in claim 3, wherein an outer diameter of 
said foamed article is from 2 to 20 mm, and wherein a thickness of said foamed article is 5 to 30% of said outer 

1$ diameter. 

6. The microorganism holding carrier for use in a fluidized bed as recited in claim 4 : wherein an outer diameter of 
said foamed article is from 2 to 20 mm and wherein a thickness of said foamed article is 5 to 30% of said outer 
diameter. 

20 

7. The microorganism holding carrier for use in a fluidized bed as recited in claim 5 : wherein the apparent volume of 
said extruded foamed article (a volume of said extruded foamed article from which a volume of said continuous 
cells are deducted) falls within the range of from 2.0 x 10' 3 to 5.0 cm 3 . 

25 8. The microorganism holding carrier for use in a fluidized bed as recited in claim 6, wherein the apparent volume of 
said extruded foamed article (a volume of said extruded foamed article from which a volume of said continuous 
cells are deducted) falls within the range of from 2.0 x 10" 3 to 5.0 cm 3 . 

9. The microorganism holding carrier for use in a fluidized bed as recited in claim 1, wherein said apparent density 
so of said extruded foamed article falls within the range of from 1 .10 to 1 .80 g/cm 3 and said carrier is formed in the 

shape of a non-hollow grain. 

10. The microorganism holding carrier for use in a fluidized bed as recited in claim 2, wherein said apparent density 
of said extruded foamed article falls within, the range of from 1.10 to 1.80 g/cm 3 and said carrier is formed in the 

35 shape of a non-hollow grain. 

11. The microorganism holding carrier for use in a fluidized bed as recited in claim 9 : wherein the apparent volume of 
said extruded foamed article (a volume of said extruded foamed article from which a volume of said continuous 
cells are deducted) falls within a range of from 5.0 x 10" 4 to 4.0 x 10' 2 cm 3 . 

40 

12. The microorganism holding carrier for use in a fluidized bed as recited in claim 10 : wherein the apparent volume 
of said extruded foamed article (a volume of said extruded foamed article from which a volume of said continuous 
cells are deducted) falls within a range of from 5.0 x 10" 4 to 4.0 x 10' 2 cm 3 . 

is 13. The microorganism holding carrier for use in a fluidized bed as recited in claim 9. wherein said extruded foamed 
article is formed in a shape of a column. 

14. The microorganism holding carrier for use in a fluidized bed as recited in claim 10 : wherein said extruded foamed 
article is formed in a shape of a column. 



50 



15. The microorganism holding carrier for use in a fluidized bed as recited in claim 11. wherein said extruded foamed 
article is formed in a shape of a column. 

16. The microorganism holding carrier for use in a fluidized bed as recited in claim 12, wherein said extruded foamed 
article is formed in a shape of a column. 
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FIG. 1 




FIG. 2A FIG. 2B 
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the total volume of the continuous cells (a volume ratio 
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